Abstract. Generic drugs are interchangeable with original proprietary drugs, as they have the same active pharmaceutical ingredients, dosage forms, strength, quality, indications, effects, directions, and dosage. The cost of generic drugs is lower than original drugs, because the developmental cost is lower. The expansion of medical expenses is an important issue in many countries, including Japan, the USA, and Europe, and promotion of generic drugs has been demanded to solve this issue in Japan. Generic drug approval review in Japan is conducted by the Pharmaceuticals and Medical Devices Agency (PMDA), which reviews the equivalence of the original drugs from the viewpoint of quality, efficacy, and safety, based on documentation submitted by the generic drug applicants. However, the details of the generic drug review in Japan have not been reported. In this report, we introduce the application types, the number of applications and approvals, and the review timeline of generic drugs in Japan. In addition, we discuss recent consultations and future prospects.
INTRODUCTION
A generic drug is defined as a drug with the same active pharmaceutical ingredient (API), dosage form, strength, quality, indication, effect, direction, and dose as the original proprietary drug. In Japan, the drug product containing an API that has the different hydrate form or crystalline form from the original drug can essentially apply for as a generic drug, because they have basically the same chemical structure. The drug product containing an API that has different salts, esters, and ethers from the original drug can apply for as a new drug, not a generic drug. The original drugs are given the reexamination period of 8 years at the time of approval. The applicant can apply for the generic drugs after the reexamination period of original drugs. Because generic drugs are approved after the patent expiration of the original drugs and a reexamination period in Japan, the generic drugs have a reduced development cost, as compared to the original drugs. Therefore, the generic drug price is cheaper than the original drug. For example, in Japan, the price of a generic drug is usually 60% of the original drug price. Recently, demand has increased for reduced medical expenses in many countries including Japan, the USA, and Europe (1, 2). Over 20% of Japan's population is over the age of 65 years, and it is estimated that it will reach nearly 40% by 2050 (3) . This is a key factor for healthcare cost expansion in Japan. The Ministry of Health, Labour, and Welfare (MHLW) proposed the use of generic drugs to reduce healthcare costs in 2007. In particular, the generic drug market share in Japan was lower than in other developed countries, as the market share of generic drugs in Japan was 18.7% in 2007 (4). In contrast, the market share of generic drugs was 72% in the USA, 65% in England, and 63% in Germany. One of the reasons for the low generic drug market share in Japan is that there was no substitution right for the pharmacists. The physicians had the decision right of the generic drug substitution before 2006. In 2006, one important change of public health insurance was that the pharmacists were given right to substitute generic drugs for original drugs if the physicians explicitly allow substitution on their prescription format. The prescription format before 2008 was the format that the pharmacists could not change to generic drugs unless the physicians signed in the Bsubstitution^space on the prescription. The change of the prescription format was carried out in 2008, and it was changed to BNo substitutionsB from Bsubstitutions.^If there is no checkmark in the BNo substitutionsŝ pace on the prescription, the pharmacists were given right to substitute to generic drugs. In this prescription format, a space was provided for Ba signature in case all prescription drugs cannot be changed to generic drugs.^With the signature of physicians, all prescription drugs could not be substituted. In 2012, the prescription format was modified to one that allowed generic substitution for individual drug, making it easier to substitute to generic drugs. Many actions including the prescription format change are carried out in Japan to promote the generic drugs usage (4) . Additionally, in 2013, the MHLW announced a 5-year plan to expand the use of generic drugs to over 60% by 2018 (4, 5) . In order to promote the use of generic drugs, accelerated approval review for generic drugs is indispensable.
The Office of Generic Drugs, part of the Pharmaceuticals and Medical Devices Agency (PMDA), is responsible for the approval review of generic drugs in Japan. The PMDA reviews the equivalence of generic and original drugs from the viewpoint of quality, efficacy, and safety, based on a document submitted by generic drug applicants. Table I shows the necessary data at the time of application for the original drug and new generic drug. At the time of original (new) drug application, documents regarding the quality, pharmacology, pharmacokinetics, toxicity, and clinical studies are required. In contrast, at the time of generic drug application, only documents regarding specifications, test methods, accelerated testing, and bioequivalence (BE) studies are required. In addition, the submission of long-term storage test data may be required if the drug stability cannot be assumed based on the original drug (e.g., polymorphic form differences, hydrate differences). BE studies are the commonly accepted method to demonstrate therapeutic equivalence between the original and generic drug. In BE studies, bioavailability (BA) is compared between the original and generic drug. BA is defined as the rate and extent of active ingredient or metabolite absorption from a drug product. Peak plasma concentration (C max ) is used as the rate of absorption, and area under the drugplasma concentration versus time profile (area under curve [AUC] ) is used as the extent of absorption. Japan adopts it like the USA and Europe that the 90% confidence interval of difference in the average values of logarithmic parameters to be assessed between the original and generic drugs is within the acceptable range of log (0.80)-log (1.25) for the C max and AUC. As the different point for the acceptance criteria, even though the confidence interval is not in the range, the generic drugs are accepted as bioequivalent, if the following three conditions are satisfied. They are that the total sample size of the bioequivalence study is not less than 20, the dissolution rates of original and generic drugs are evaluated to be similar, and the differences in average values of logarithmic parameters to be assessed between two products are between log (0.90) and log (1.11). As shown in Table II , BE study guidelines were published on February 29, 
Other ADME 〇 × F. Acute, subacute, and chronic toxicity, teratogenicity, and other types of toxicity
In principle, 〇 means that the indicated data is required. × means that the indicated data is not required. △ indicates necessity of the indicated data is case based 2012, in Japan. However, the details of generic drug review in Japan have not been reported.
In this report, we introduce the application types, the number of applications and approvals, and the review timeline of generic drugs in Japan. In addition, we discuss recent consultations and future generic drug prospects.
Application Types, Number of Applications and Approvals, and a Review of the Generic Drug timeline There are two application types for new generic drugs and partial change approval in Japan. New generic drug applications are submitted as the first application, and partial change applications are submitted after for post-approval changes. The approval content in Japan includes the indication, effects, directions, dose, specifications, test methods, storage method, validity period, manufacturing method, formulation or manufacturing site, and brand name. If the applicant for a generic drug performs post-approval change on these contents, with the exception of minor changes, the PMDA review is necessary for partial change approval. Figure 1 shows the number of generic drug applications and approvals in Japan. Application and approval numbers include brand name changes for existing, approved generic drugs, in addition to new generic drugs. The numbers vary greatly each fiscal year, with approximately 1000-1900 generic drugs submitted and approved annually (Fig. 1a) . Figure 1b shows the number of new generic drug applications and approvals. The approval of new generic drugs reached a peak in fiscal year (FY) 2011 and has decreased thereafter. However, partial change applications and approvals have increased year to year, with 2424 partial change applications submitted and 2066 partial change applications approved in FY2013 (Fig. 1c) .
Next, we will introduce the review timeline for new generic drug approval in Japan. The total time from new generic drug application to approval is generally 12 months (Fig. 2) . New generic drugs are approved in February and August, because the national health insurance drug price list is updated twice a year, in June and December. The application review time is 9 months, and MHLW approval procedures and Good Manufacturing Practice (GMP) inspections are conducted during the remaining 3 months. First, the generic drug applicant must apply for drug authorization. Next, the PMDA reviews the submission dossier and sends the first inquiry to the applicant within 5 months of application submission. The applicant must respond to the PMDA inquiry within 1.5 months. The PMDA and applicant may correspond three to four times during the inquiry. In contrast, the application review time for partial change approval varies based on the application content. Table III shows the general time required for each type of partial change approval and the target time from Per this amendment, the review time for manufacturing method changes for generic drugs approved before April 2005 is 12 months, because the review is conducted similar to a first time application. In contrast, for generic drug application after April 2005, the target time is 6 months, because the manufacturing methods were reviewed at the time of new generic drug application. Changes to drug formulation have different target times than manufacturing method review, although the rationale is similar. For manufacturing site changes, approval can take 3, 6, or 12 months, depending on whether the manufacturing method is changed. Although when the manufacturing method has never been reviewed, the target approval time is 12 months. When a part of the previously reviewed manufacturing method is changed, the target time for approval is 6 months. However, if only the manufacturing site is changed, the target time is 3 months. The PMDA seeks to have a rapid total review time for partial change approval, improving the 50th percentile (median) every year. The current goal is 15 months for FY2014, 14 months for FY2015, 13 months for FY2016, 12 months for FY2017, and 10 months for FY2018 (6) . With the number of applications for partial change approval increasing (2424 in FY2012), we set the target time as 15 months for FY2014. This is similar to the US Food and Drug Administration (FDA), which seeks to review 60% of new generic drug submissions within 15 months of the submission date in FY2015, 75% within 15 months for FY2016, and 90% within 10 months for FY2017 (7, 8) . Furthermore, the FDA aims to review 60% of major amendment within 10 months for FY2015, 75% within 10 months for FY2016, and 90% within 10 months for FY2017. Finally for minor amendments, the FDA aims to review 60% within 3 months for FY2015, 75% within 3 months for FY2016, and 90% within 3 months for FY2017. We cannot compare the review time directly, because the review time in Japan uses the median, and the content is different between Japan and the USA. Nevertheless, decreasing review time is a common goal for both agencies.
Consultation Meetings
In January 2012, we started conducting consultation meetings to facilitate and accelerate the development of generic drugs. Presently, we are holding consultations regarding BE studies and quality requirements for generic drugs. Table IV shows the implementation number for each fiscal year, which has increased annually. The PMDA and generic drug applicants discuss generic drug quality, such as the sufficiency of the stability test or the validity of test in generic quality consultation. In generic BE consultations, we discuss BE evaluation methods, such as endpoint validity, number of subjects, and analytes to be measured. Recently, there has been much discussion of difficult drug products, such as dry powder inhaler drug products and liposome drug products. We hope that these consultations will lead to effective generic drug development.
Future Prospects
The (9) . The CTD format is already the standard format for new drug applications. However, there is no standard format for generic drug applications in Japan. In addition, a new drug review report is being written and disclosed in Japan, although one has not been developed for generic drugs. These two topics are being announced in the third PMDA 5-year mid-term plan (FY2014-2018) (6) . BCS classifies the four drug classes by solubility and permeability, as proposed by Amidon et al. in 1995 (10) . This method is used to avoid BE studies during generic drug development and is referred to as the BCS-based biowaiver. This concept has already been accepted in the USA and Europe (11) . The PMDA and MHLW are considering whether BCSbased biowaivers should be accepted in Japan.
Recent consultations have evaluated generic drug development for dry powdered inhaler drug products. In Europe and the USA, guidelines for dry powder inhalers have already been published (12, 13) . Therefore, the Office of Generic Drugs of the PMDA is going to initiate studies to develop dry powder inhaled drug guidelines in the future.
CONCLUSION
In this report, we introduced the application types, the number of applications and approvals, and the review timeline of generic drugs in Japan. Additionally, we introduced our consultation meetings and future prospects. In Japan, generic drug usage is promoted to reduce medical expenses among the aging population. We believe that accelerating and ensuring transparency of generic drug review is important. This is the first report to discuss the details of generic drug regulation in Japan. We hope this report clarifies generic drug regulation of Japan.
